Many molecular and functional details of single events in mitochondrial dynamics have been reported, but little is known about their coordination. A recent study describes how cellular Ca 2+ signals, via remodelling the actin cytoskeleton, synchronise the formation of endoplasmic reticulum-mitochondria contacts with inner and outer mitochondrial membrane fission.
Our understanding of individual functional modules of mitochondrial dynamics, such as mitochondrial movement, mitochondrial shape and size (fusion and fission), and mitochondria-organelle interactions (i.e., with the endoplasmic reticulum, plasma membrane and lysosome), has increased massively during the last decade ( Figure 1 ; for recent reviews see [1] [2] [3] ). The overall picture is complex, but homeostasis in these modules is clearly an absolute requirement for normal cellular function, since perturbation of the system leads to altered cellular phenotypes and loss of specific cellular function and often results in cell death [3] . Intriguingly, recent discoveries have also led to the suggestion that the distinct modules are coordinated, so it has been anticipated that cellular signals co-regulate the individual functional elements underpinning mitochondrial dynamics.
The role of contacts between the endoplasmic reticulum (ER) and mitochondria in marking the sites of mitochondrial fission and in triggering the process was recently established, with these two modules thus co-regulating downstream events, such as the segregation and maintenance of mitochondrial DNA, which are required for long-term cellular energetic homeostasis [4] . Moreover, it has been proposed that the dynamics of ER-mitochondria contacts depend on mitochondrial motility, a process possibly involving the metazoan Miro GTPases and their yeast orthologue Gem1, which shows a genetic interaction with components of the ER-mitochondria encounter structure (ERMES) [5] . Importantly, Ca 2+ transfer is a central component of ER-mitochondria interactions, and Ca 2+ has been suggested to regulate the extent of the interaction surface, at least under stress conditions [6] . Similarly, Ca 2+ also triggers fission of both the outer and inner mitochondrial membranes [3, 7] . In addition, the role of the cytoskeleton as modulator of mitochondrial dynamics has been extensively mapped. The key functions of the microtubule network in metazoans and the actin cytoskeleton in yeast for mitochondrial movement and positioning are well documented [1, 8] . Moreover, actin and myosin in mammalian cells have been repeatedly shown to participate in the fission process [9, 10] . The role of Ca 2+ in the mitochondrial matrix and in metabolism has also been highlighted in this interaction: Ca
2+
-mediated constrictions of the inner mitochondrial membrane were shown to precede the completion of fission by the outer mitochondrial membrane, further promoted by enhanced mitochondrial respiration [7] . However, how these complex interactions are coordinated by cellular signalling has not yet been shown. Now, in a recent study, Chakrabarti et al. [11] -mediated circuit, these authors also confirm that increased levels of Ca 2+ in the matrix trigger inner mitochondrial membrane constrictions [7] . These precede and induce Drp1-dependent fission, which is also promoted by actin-and Ca 2+ -dependent recruitment of Drp1 to the outer mitochondrial membrane from the cytoplasm (Figure 1 ) [10] . This view unveils actin and Ca 2+ as central players in integrating mitochondrial fission and ERmitochondria contact formation, through an intra-mitochondrial Ca 2+ -mediated loop, to ensure complete fission of both mitochondrial membranes. This intriguing mechanism aligns well with the previously known roles of Ca 2+ in the individual functional modules (Figure 1 ), but also raises a series of outstanding questions.
First, how does acute actin redistribution affect mitochondrial movement and overall positioning, and via what mechanism? Mitochondrial distribution in mammalian cells so far has been attributed to microtubuleassociated motor activity, and inhibition of mitochondrial movement along microtubules by Ca 2+ and reactive oxygen species has been shown to contribute to the positioning of these organelles [13] . On the other hand, the role of the actin network in mitochondrial distribution is critical in yeast [8, 14] and is starting to be recognized also in metazoans [15] , but the effect of Ca
-mediated actin redistribution on mitochondrial positioning remains to be established.
Second, actin redistribution, according to Chakrabarti et al. [11] , is a critical factor regulating mitochondrial Ca 2+ uptake.
While mitochondrial shape has been previously proposed to affect Ca 2+ uptake [16, 17] , the question now arises as to whether cell shape and the cytoskeleton also have a role in regulating the mitochondrial Ca 2+ signal.
Finally, how actin dynamics contribute to stress-mediated expansion of ER-mitochondria contacts [6] , increased Ca 2+ transfer to mitochondria, and mitochondrial fission [18] remains to be determined. ER-mitochondrial Ca 2+ transfer can result in either metabolic adaptation to stress [19] or cell death due to mitochondrial Ca 2+ overload [6] . Thus, remodelling of the actin cytoskeleton can affect cell fate decisions, signalling either survival or death. Metabolic activity is required for Ca
-and actin-induced mitochondrial fragmentation [11] , suggesting cooperation with the adaptive response to stress. However, fragmentation of the mitochondrial network and Drp1 recruitment have also often been associated with cell death [18] , and changes in the fusion-fission balance interfere with metabolic function [20] . Most likely, answers to these unresolved issues are not too far away. -and actinmediated signalling pathway described by Chakrabarti et al. [11] .
1, Ca

2+
-mediated actin nucleation on the ER surface [9, 11, 12] ; 1a, Ca 2+ -mediated arrest of mitochondrial movements [13] ; 2, actin-mediated extension of ER-mitochondria contacts and outer mitochondrial membrane (OMM) fission [9] [10] [11] ; 3, enhanced ER-mitochondrial Ca 2+ transfer via the mitochondrial calcium uniporter [6, 11] ; 4, inner mitochondrial membrane (IMM) fission mediated by mitochondrial matrix Ca 2+ [7, 11] ; 5, coupling of inner and outer mitochondrial membrane fission [7, 11] . Grey arrows denote direct ER-mitochondrial Ca 2+ transfer.
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Sometime in the Devonian, perhaps about 400 million years ago, insects became the first clade to conquer the sky. Recent evo-devo studies have begun to unravel the mysterious origin of the flight structure that made insects into extraordinary six-legged fliers.
Although the immense success of insects can be attributed to various traits, the wing is the signature character of this clade, which has allowed insects to explore a variety of niches via powered flight, and has also served as an evolutionary medium for the emergence of new traits (such as camouflage, mimicry, armoring, and communication). So, considering the significance of wings during insect evolution, it is somewhat surprising that the origin of this evolutionarily prominent structure is still a hotly debated mystery. One of the first passages in the science literature hinting at a possible origin of insect wings can be found in a book published over two hundred years ago [1] . As a scientist in the pre-Darwinian era, Oken probably did not imply an evolutionary relationship between the insect wing and the crustacean branchia (i.e. gill). Nonetheless, various homologizations made in his book have no doubt inspired many scientists in subsequent generations. A variety of ideas on the origin of insect wings have been proposed in the past two hundred years. Through sometimes intense intellectual battles, two schools of thought have emerged, namely the tergal origin hypothesis (also called the paranotal hypothesis) and the pleural origin hypothesis (also known as the exite hypothesis) (reviewed in [2] ). The tergal origin hypothesis connects the origin of insect wings to the dorsal epidermal plate (tergum), while the pleural origin hypothesis states that the insect wing has originated from a branch (such as a gill) of the ancestral proximal leg segment (corresponding to the pleural plates in modern insects). Interestingly, several recent studies point toward a unification of these two seemingly incompatible hypotheses [3] [4] [5] [6] [7] [8] [9] .
With two distinct origin tissues, the dorsal body wall and the pleural plates, how can both be the origin of insect wings? The third hypothesis, the dual origin hypothesis, states that the 'merger' of the two unrelated tissues may have been a key step in the evolution of this efficient flight device. The idea of a dual origin of insect wings is not new. It can date back as early as the beginning of the wing origin debate [10] , although Rasnitsyn, in his modified paranotal hypothesis, may have been the first to clearly favor the possibility of a dual origin [11] . This idea has been mentioned by several scientists in the past ( [12] for example); however, it did not gain significant support until more recently with evidence from evo-devo studies [3] [4] [5] [6] . Several key findings from these studies include (i) the identification of 'wing serial homologs' (i.e. tissues that share an evolutionary ancestry with wings) in nonwinged segments via an evo-devo approach [13] , (ii) the identification of two distinct sets of wing serial homologs, one tergal and the other pleural, in a nonwinged segment [4] , and (iii) the evolutionary conservation of (i) and (ii) in diverse insects [5, 6] . An example of evodevo support for a dual insect wing origin is found in the first thoracic segment (T1, a wingless segment) of the beetle, where wing serial homologs are maintained as two distinct sets of tissues (of the tergal and pleural nature) [4] . When a set of wings is ectopically induced in T1 of this beetle
